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Abstract 
In this work, an analytical expression for the solution of the the reaction-diffusion Brusselator model is derived by the homotopy-
perturbation method. The advantage of this work is twofold. Firstly, the homotopy-perturbation method reduces the 
computational work. Secondly, in comparison with existing techniques, the homotopy-perturbation method is an improvement 
with regard to its accuracy and rapid convergence. The homotopy-perturbation method has advantage of being more concise for 
analytical and numerical purposes. The results show the reliability and efficiency of the proposed method. 
© 2010 Elsevier Ltd. 
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1. Introduction 
  
Reaction-diffusion (RD) systems arise frequently in the study of chemical and biologycal phenomena and are 
naturally modeled by partial differential equations.  Finding accurate and efficient methods for solving nonlinear 
system of PDEs has long been an active research undertaking. In this analysis, we study the reaction-diffusion 
Brusselator model which models a chemical reaction diffusion process by homotopy perturbation method. Wazwaz 
(2000) used Adomian decomposition method to handle the reaction-diffusion Brusselator model. In recent years, 
much attention has been given to the study of the homotopy-perturbation method (HPM) (He 1999, 2000, 2003, 
2005a, 2005b, 2006, 2006c, 2006d) for solving a wide range of problems whose mathematical models yield 
differential equation or system of differential equations. HPM deforms a difficult problem into an infinite set of 
problems which are easier to solve without any need to transform nonlinear terms. The applications of HPM in 
nonlinear problems have been demonstrated by many researchers. For examples, the HPM was employed to solve 
variational problems (Abdulaziz et al. 2008a), fractional initial value problems (Abdulaziz et al. 2008b), systems of 
fractional differential equations (Abdulaziz et al. 2008c), singular second-order differential equations (Chowdhury 
& Hashim 2007a), time-dependent Emden-Fowler type equations (Chowdhury & Hashim 2007b), Klein-Gordon and 
sine-Gordon equations (Chowdhury & Hashim 2009), n th-order IVPs directly (Chowdhury & Hashim 2010), 
nonlinear population dynamics models (Chowdhury et al. 2007), chaotic Lorenz system (Chowdhury et al. 2009), 
squeezing flow of a Newtonian fluid (Ghori et al. 2007), nonlinear partial differential equations of fractional order 
(Momani & Odibat 2007), quadratic Riccati differential equation of fractional order (Odibat & Momani 2008), an 
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inverse problem of diffusion equation (Shakeri & Dehghan 2007) and Couette and Poiseuille flows for non-
Newtonian fluids (Siddiqui et al. 2006). 
 
To achieve our goal, we consider the two-dimensional Brusselator model 
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where ( , , )u x y t  and ( , , )v x y t  denote chemical concentrations (Vanewalle 1991) of intermediate reaction 
products, and A and B are constant concentrations of input reagents where 
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2. Basic idea of Homotopy perturbation method 
 
Homotopy-pertuebation method (HPM) is a novel and effective method, and can solve various nonlinear 
equations. To illustrate the basic ideas of this method, we consider the following general nonlinear 
differential equation: 
 
                                                   ( ) ( ) 0,A y f r r  :                                    (4) 
with boundary conditions 
                                                   ( , / ) 0, ,B y y n rw w  *                                                                           (5) 
 
where A  is a general differential operator, B is a boundary operator, f (r) is a known analytic function , 
and * is the boundary of the domain :. 
The operator A is generally divided into two parts L and N, where L is linear while N is nonlinear. 
Therefore Eq. (4) can be written as follows: 
 
                                                   ( ) ( ) ( ) 0.L y N y f r                                                     (6) 
 
Now we construct a homotopy  y (r,p): :u[0,1] o of  Eq. (4)  which satisfies  
 
                                ( , ) (1 )[ ( ) ( )] [ ( ) ( )] 0, [0,1], ,0H y p p L y L y p A y f r p r       :                        (7) 
which is equivalent to  
                                       ( , ) ( ) ( ) ( ) [ ( ) ( )] 0,0 0H y p L y L y pL y p N y f r                                            (8) 
 
where p[0,1] is an embedding parameter and 0y is an initial approximation which satisfies boundary 
conditions. It follows from Eq. (7) and (8) that 
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                                 ( , 0) ( ) ( ) 00H y L y L y   and ( ,1) ( ) ( ) 0.H y A y f r                                          (9)   
Thus, the changing process of p from 0 to 1 is just that of  y(r,p) from 0y (r) to y(r). In topology this is 
called deformation, and L(y) – L( 0y ) and A(y) - f (r) are called homotopic. Here the embedding parameter 
p is introduced much more naturally, unaffected by artificial factors. Due to the fact that  0 1pd d , so the 
embedding parameter can be considered as a small parameter. So it is very natural to assume that the 
solution of  (7) and (8) can be expressed as  
                                    ( ) ( ) ( ) ( ) .0 1 2y x u x u x u x                                                                             (10)
                                    (10) 
 
According to HPM, the approximate solution of Eq. (4) can be expressed as a series of the power of p, 
i.e., 
                                      lim .0 1 2 31
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                                    (11) 
The convergence of series (11) has been proved by He (1999). 
 
 
3. Application of HPM  
 
In this section, we apply HPM to find approximate analytical solution to Eqn. (1). To do so, we first construct a 
homotopy into Eqn. (1) which satisfies the following relation 
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Let us choose the initial approximations as 
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where ju and jv ( 1,2, )j   are functions yet to be determined. Substituting (13)-(14) into (12) and collecting 
terms of the same powers of p , we have 
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etc. Solving above differential equations we obtain, 
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etc.   
 
In parallel manner, the components 2u  and 2v  are calculated, but for brevity will not be listed. However, the 
components 2u  and 2v  will be used in calculating the approximants 3U  and 3V , where  
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4. Results and discussions 
 
The HPM algorithm is coded in the computer algebra package Maple. To make direct comparison with (Waswaz 
2000), we consider 0.1x   and 0.1y  . The 3-term HPM solutions to the Brusselator model (1) for this case 
given by; 
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O t
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                          (15) 
First we note that the HPM solutions of 1u and 1v are same to ADM solutions that studied by Wazwaz (2000). 
The 3-term HPM solutions 3(01.,0.1, )U t  and 3(0.1,0.1, )V t  shows in Fig. 1. 
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Figure 1: The numerical results for (0.1,0.1, )u t
 
and (0.1,0.1, ).v t
  
 
 
5. Conclusion 
 
This investigation was carried out using the HPM to approximate the solutions of well-known Brusselator reaction-
diffusion model. The HPM is very simple and straightforward. HPM avoids the difficulties arising in finding the 
Adomian polynomials and transformation formulas.Very recently, the HPM has been widely used to solve many 
problems in engineering and sciences because of it's reliability and the reduction in the size of computations. It is 
shown that the homotopy-perturbation method is a promising tool for linear-nonlinear system of partial differential 
equations. 
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